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Abstract
The phenomenon of the spontaneous electric polarization (ferro- and antiferroelectricity) is one of 
the fundamental problems of the solid-state physics. Although, there has been lot of experimental 
and theoretical progress, still needs to be made to understand the origine of the spontaneous electric 
polarization. A new microscopic theory that is based on the perfectly elastic electron-atom and 
atom-atom collisions, crystal structure and  the chemical composition of the compounds  is 
developed to calculate the critical temperatures for materials with spontaneous electric polarization. 
The reliability of this model was examined by comparing the experimental results with calculated 
values.
1. Introduction
The spontaneous parallel and anti-parallel orientations of the electric dipole moments are called as 
ferroelectricity or antiferroelectricity, respectively. The first parallel orientation of the dipole 
moments was discovered in 19201)  in the crystal of the Rochelle Salt. Since then many different 
compounds that show a spontaneous electric polarization have been found. Utilization of these 
materials in optics, acoustics, capacitor engineering and computer technology is essential.
Although, there is lot of theoretical progress in the understanding of the nature of spontaneous 
electric polarization, still is missing a microscopic theory that is based only on the crystal structure 
and chemical composition of the compounds. Such a theory should be able to predict what kind of 
elements are needed to combine to create ferro- and antiferroelectric materials with a desired critical 
temperature. It should also be able to calculate the critical temperatures for both types of the 
spontaneous polarized materials, namely the order-disorder and displacive type. At this point it is 
worth to remember that in  the order-disorder type the spontaneous polarization is caused by the 
displacements of ions that do not belong to the ordered sublattice, while in the displacive type it is 
originated by  displacements of ions that belong to the ordered sublattice
Before presenting the new microscopic theory it is important to show the actual most accurate 
formula for calculating the critical temperature Tc, that is derived from the mean field theory:
                                               T c=CC−W
J 0V uc
4 p z
2                                         (1)
where CC-W, J0, Vuc and pz represent the Curie-Weiss constant, the interaction of a particle with all 
other particles being located within a large interaction radius(i.e. r0 >>lattice parameters), volume of 
the unit cell and the dipole moment, respectively. It should be pointed out that the Eq. (1) is valid 
only for ferroelectrics of the order-disorder type. 
For the materials that are classified as belonging to the displacive type the formula for Tc is different 
form the Eq. (1)2) and it is inaccurate to predict the critical temperatures.
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In Eq. (1) the quantity J0Vuc / pz2= β is known as the Lorentz factor, and for the cubic crystals with 
dipole located in the center of the unit cell, this factor is, β = 4π/3. After inserting the Lorentz factor 
the Eq. (1) transforms into:
                                               T c=
CC−W
3
.                                            (2)
 
In the table I it is shown that for materials belonging to the order-disorder type, Eq. (2) is fulfilled 
only in order of magnitude, while for materials of displacive type it is not fulfilled:
Table I: These data have been taken from the Ref. 2).
Compounds type Tc exp. (K) CC-W (K)
TGS order-disorder 322 3200
NaNO2 order-disorder 437 5000
KH2PO4 order-disorder 123 3600
BaTiO3 displacive 400 170000
 
For hydrogen-containing ferroelectrics there are many formulas for calculating the critical 
temperatures, but the agreement with the experimental data is very poor. It is worth to point out that 
in general the formula for calculating the Tc is derived from the minimization of the free energy 
with the respect of the order parameters.
In this paper is presented a novel formula for calculating the Tc, where Tc  depends only on the 
crystal structure and on the chemical compositions of the compounds. The formula for the Tc will be 
derived from the solution of the time-dependent Schrödinger Equation, where collisions between 
electrons and the atoms that cause the spontaneous polarization are perfectly elastic, i.e. the kinetic 
energy is conserved. To prove the reliability of the novel formula for Tc a comparison of the 
calculated values with experimental results for different materials will be presented.
2. The derivation of the formula for critical temperatures
The main focus in this section will be on the derivation of the general formula for critical 
temperatures. The Tc should depend only on the crystal structure (i.e. the lattice parameters and 
atom-atom distances) and  the chemical composition (i.e. the atomic masses) of the compounds. 
The validity of the formula should be universal in the sense that it should be able to calculate the 
Tc-s for order-disorder and displacive type materials.
Firs it will be supposed that at and below the critical point there exist some particular collisions 
between electrons and atoms where no kinetic energy is dissipated into the heat, i.e. that these 
collisions are perfectly elastic. In some multicomponent compounds it could occur that in addition 
to the perfectly elastic collisions (pec) between electrons and atoms there exist also pec between 
atoms with different masses. The kinetic energies and momentum for electrons and atoms are given 
by Eke = pe2/2me,  Eka=pa2/2M, pe= meVe and pa= meVe , respectively. To  have a long-range effect it 
will be also supposed that before, during and after pec the electron and atom kinetic energies remain 
constant, i.e.  Eke(before collision)= Eke(after collision) =  E  ka(before collision)= Eka(after collision) = Ekae(during collision) . It  is 
understandable that at any time also the total kinetic energy, (Eke +Eka ) remains constant. Because 
collisions between electrons and atoms are perfectly elastic the total momenta before and after 
collision time must remain also constant, i.e., (|pe|+|pa|)(before collision)= (|pe|+|pa|)(after collision), where |pe| and 
|pa| represent the absolut values of  the electron and atom momenta before and after pec, 
respectively.
From the kinetic energy conservation during collision time, one can easily create a free
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 „particle“ with a kinetic energy of Ekae=pape /2(meM)1/2 that is equal to Eke  and Eka, i.e., 
pape /2(meM)1/2 = pe2/2me = pa2/2M. 
In this case the corresponding kinetic term of the Hamiltonian operator for the free „particle“ with 
the mass of (meM)1/2 may be expressed as:
                                         H=
−ℏ2
2Mme
∂2
∂ x2
.                                                (3)
The time-dependent Schrödinger wave equation is given by: 
                                 
−ℏ2
2Mme
∂2
∂ x2
x , t = i ℏ ∂
∂ t
x , t .                          (4)
After inserting the plane wave function of the form:
                                   x ,t =e
i∓kx−4Et
h

,                                                 (4a)
into the time-dependent Schrödinger equation (4) one get for ΔE:
                                       E=
hℏ
8M me
k2 .                                                   (5)
for k = π/a and  ΔE=kBTc one get the „magic“ formula for Tc:
                                       T c=
h2
4kB
1
M me a2
,                                               (6)
where a can be one of the lattice parameters, or other distances such as the diagonal length or the 
minimal distance between atoms that collide with each other with pec.  As one can see it depends 
only on the lattice parameters or on the minimal atom-atom distances and on the mass of the atoms 
which are responsible for the spontaneous polarization. 
In the multicomponent compounds where more than one type of atoms could participate on the 
spontaneous electric polarization, the mass of the free „particle“ may be expressed in different 
forms. In these case in addition to the electron-atom pec also the atom-atom pec should be taken 
into account. Depending on that, if a dyad or a triad of atoms with masses MA, MB and MC 
participates on the spontaneous polarization, than from the kinetic energy conservation one get the 
respective expressions for masses of the free „particles“:
                          M A M B me DYAD  and  M C M A M B meTRIAD .              (7)
In these cases the Eq. (6) will be transformed into the respective forms:
         T c=
h2
4kB
1
M A M B me a2
  and   T c=
h2
4kB
1
M C M A M B me a2
.        (8)
From the Eq. (4a) one can see that (ψ(x,t), ψ(-x,t)) are the eigenstates of the                      
time-dependent Schrödinger equation.
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3. The application of the formula for critical temperatures 
The purpose of this section is to test the reliability of the „magic“ formula for Tc. It will be also 
shown the formula is universal in the sense that it is able to calculate the Tc-s for order-disorder and 
displacive type materials. In the table II the calculated values with experimental results for Tc-s are 
compared.
Table II: Comparison between calculated and experimental data for Tc-s.
Chemical 
composition
The mass of the free 
„particle“ a( Å ) Tc 
calc. (K) Tc exp. (K)
K2SeO3 (MKme)1/2 c=10.47 93 933)
KH2PO4 [(MKMO)1/2me]1/2 (a2+c2)1/2= 10.18
a=7.444; c=6.9454)
123 1235)
KD2PO4 (MKme)1/2 c=6.945                113 1135)
Ba4.13Na1.74Nb10O30 (MName)1/2 c=3.9949 836 8336)
CsH2AsO4 [(MCsMO)1/2me]1/2 a=7.9852 147 1437)    
BaTi2O5 [(MTiMO)1/2me]1/2 b=3.943 782 7538)   
NaNO2 (MName)1/2 c=5.56 432 4379)   
PbTiO3 [(MTiMO)1/2me]1/2 c=4.14 706 70010)  
SrBi3Ti2NbO12 (MNbme)1/2 a=b=3.85 448 44111)  
PbBi3Ti2NbO12 (MOme)1/2 (a2+b2)1/2= 5.4659
a=b=3.865
535 57011)
PbHfO3 [(MPbMO)1/2me]1/2 a=4.136 492 48812)
[C3N2H5]5[Bi2Br11] [(MBiMBr)1/2me]1/2 d(Bi-Br1-Bi1)=6.021 155 15513)
TlH2PO4 (MTlme)1/2 a=4.5255) 221 2305)
TlD2PO4 (MOme)1/2 c=6.5265) 366 3535)
LiNbO3 (MLime)1/2 2*(RLi+RO)=4.1 1446 148014)
LiTiO3 (MOme)1/2 2*(RLi+RO)=4.1 951 95014)
RbH2PO4 {[(MRb(MRbMO)1/2]1/2me)}1/2 a=7.608 3) 147 14715)
RbH2AsO4 {[(MRb(MRbMO)1/2]1/2me)}1/2 a'=RAs/RP*a=8.7492 111 11016)
BaTiO3 (MBame)1/2 d minBa2−Ba2  =3.663 407 40317)
BaTiO3 (MTime)1/2 (a2+b2)1/2= 5.678
a=3.99; b=4.04
282 27817)
BaTiO3 [(MBaMO)1/2me]1/2 (a2+b2)1/2= 5.678
a=3.99; b=4.04
284 27817)
BaTiO3 (MTime)1/2 d[111]=(3)1/2*4.04=6.997 188 18317)
BaTiO3 [(MBaMO)1/2me]1/2 d[111]=(3)1/2*4.04=6.997 189 18317)
[C3N2H5]5[Bi2Cl11] [(MClMN)1/2me]1/2 c=9.045 166 16618)
Bi2NiMnO6 {[(MMn(MBiMMn)1/2]1/2me)}1/2 a=3.8775 486 48519)
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As one can see from the listed compounds in the above table there are all types of compounds with 
spontaneous electric polarization. This formula gives us also the possibility to identify the atoms 
that participate on the electric polarization. The identifying  of the atoms that contribute to the 
electric polarization may be very useful for the material scientists, where a tuning of the Tc through 
the changing of the chemical composition may be controllable.
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